Background: Postoperative pain Is an independent predictor of postoperative delirium. Whether postoperative delirium limits patient-controlled analgesia (PCA) use has not been determined.
DELIRIUM is an acute confusional state with alterations in attention and consciousness. 1 Delirium occurs in 14% to 50% of hospitalized medical patients, and its associated mortality rate is 10% to 65%. 2, 3 After major noncardiac surgery, 10% to 60% of patients have delirium. 4 Delirium is a serious problem for hospitalized geriatric patients. It may be caused by an underlying medical illness, but the exact etiology is frequently not identifiable. 5 In the perioperative period, the precipitating risk factors for the development of postoperative delirium in older patients include an unfamiliar environment, the stress of surgery, and exposure to medications that have the potential for profound effects on the central nervous system (CNS).
Previously published studies have analyzed how patient-related factors and surgical factors contribute to postoperative delirium. 6 -9 We recently demonstrated that the methods of pain relief and the severity of postoperative pain both independently increase the occurrence of postoperative delirium after controlling for factors such as age and educational level in a cohort study of patients 65 yr of age or older undergoing elective noncardiac surgery. 10 In addition, there was an ordered association between levels of pain and the development of postoperative delirium. This result raises an important question. Does postoperative delirium limit the patient's use of ondemand patient-controlled analgesia (PCA), resulting in more reportable pain? If the answer is yes, then an alternative to PCA is indicated to provide postoperative analgesia to patients with postoperative delirium.
Accordingly, the current study aimed to determine whether patients with and without delirium differed in the amount of postoperative opioid used, adjusting for known covariates for delirium. We hypothesized that postoperative delirium did not limit the patient's use of on-demand PCA.
Materials and Methods

Patient Recruitment
The study was approved by the University of California, San Francisco Committee on Human Research, and informed consent was obtained preoperatively from each study patient. The study took place at the University of California, San Francisco Medical Center, from 2001-2006. Patients were selected from an ongoing larger study investigating the pathophysiology of postoperative delirium in older surgical patients. The study inclusion criteria included English-speaking patients 65 yr of age and older undergoing noncardiac surgery requiring anesthesia and who were anticipated to stay in the hospital for longer than 48 h. Only patients who received PCA by using intravenous opioid analgesics in the postoperative period were included in this study. Excluded were those who could not provide informed consent. A subset of 215 patients in this study was included in a previous manuscript evaluating the predictors of postoperative delirium that included the measurements of pain, postoperative medications, and other covariates. 10 
Patient Assessment
The same trained research assistant conducted preoperative and postoperative patient interviews in person. The preoperative interview occurred less than 48 h before surgery in the preoperative clinic. During this preoperative interview, the patients were evaluated for depressive symptoms, pain, and functional status. In addition, a detailed examination was conducted to evaluate the cognitive status. The Telephone Interview for Cognitive Status, 11 modified from the Mini Mental Status Examination, which could be administered in person or over the phone, was used to measure baseline cognitive status.
Postoperative Pain Measurement and Management
The study design did not control the postoperative pain management strategy, which was determined by the attending physicians. All patients in this report used PCA as the method of postoperative pain relief, and hydromorphone was typically the opioid used. Trained research assistants measured patient pain levels during structured interviews by using a verbal version of the visual analog scale (VAS), in which a rating of zero corresponds to no pain and a rating of ten corresponds to maximum pain. Patients were asked to rate their pain at rest preoperatively and on postoperative days 1 and 2. The measurements of pain status were performed at the same time that patients were evaluated for delirium.
The daily doses of the PCA opioid analgesic administered postoperatively (hydromorphone) were recorded for the first three postoperative days.
Delirium Assessment
A trained research assistant conducted structured interviews preoperatively and on the first two postoperative days between the hours of 9:00 AM to 12:00 PM to determine the presence of delirium, defined by Confusion Assessment Method (CAM). 12 This method was developed as a screening instrument based on operationalization of the Diagnostic and Statistical Manual of Mental Disorders-III-R criteria for use by nonpsychiatric clinicians in high-risk settings. On the basis of a structured interview, the CAM algorithm consists of four clinical criteria: acute onset and fluctuating course, inattention, disorganized thinking, and altered level of consciousness. For delirium to be defined, both the first and second criteria have to be present, plus either criterion three or four. CAM has a sensitivity of 94 -100% and a specificity of 90 -95%, and it has a high interobserver reliability 12 and convergent agreement with four other mental status tests.
Postoperative delirium assessments were validated by a second investigator with advanced training in psychology (Dr. Sands). To ensure consistency in the evaluation, each patient was evaluated by the same research assistant for all three interviews. The research assistant was trained in the use of the CAM based on a detailed manual developed by Inouye et al. for administration of the CAM. 12 The occurrence of delirium was defined as the patient meeting CAM criteria for delirium on any of the postoperative day assessments.
Statistical Methods
Patients with delirium on either day one or day two after surgery were compared with patients who did not experience delirium on either day after surgery by using t tests for continuous valued variables, chi-square tests for categorical variables, and Fisher exact test when variable categories included fewer than five patients.
We sought to determine whether subjects with delirium were less consistent in their reports of pain compared to subjects without delirium. To assess this, we computed intraclass correlation coefficients based on a two-way random effects analysis of variance model. We computed two intraclass correlations: one for subjects who were delirious and one for subjects who were not delirious on day one to assess consistency in their reports of pain at rest on postoperative day one and day two.
To investigate the temporal relationship between drug dosages given in the postoperative period and the occurrence of postoperative delirium, patients were stratified by the presence or absence of delirium on postoperative days one or two, respectively. By using this method, we computed several analyses of covariance to assess whether the mean doses of hydromorphone used on each of the postoperative days differed between patients with and without delirium, after adjusting for covariates that have potential effects on postoperative delirium by using analysis of covariance. 10 The covariates included current pain at rest, preoperative narcotic use, surgical risk, 13 and use of other medications with CNS effects. Additional analyses were performed to determine whether delirium was associated with the dose of PCA delivered opioids in the next 24 h for those with and without delirium after adjustment for covariates.
Structural equation modeling was performed to model how pain and initial postoperative opioid use affect delirium status and how delirium status affects subsequent opioid use. Structural equation modeling is an extension of the general linear model (that includes regression), which allows estimation of latent variables and modeling associations between observed and latent variables. Latent variables are unobserved traits that can be measured with observed variables. For this study, delirium status is considered a latent variable that can be represented by four indicators that are used in combination to diagnose delirium (acute onset and fluctuating course, inattention, disorganized thinking, and altered level of consciousness). Figure 1 shows that these four variables are used to measure delirium status as illustrated by the four arrows that extend from delirium status to each of these four observed variables. We report pattern coefficients (factor loadings), and loadings above 0.70 are considered to be strong indicators of the latent trait. Shown in the same figure is our hypothesis that preoperative narcotic use, surgical risk, pain, use of CNS medications, and opioid use affect delirium status. Arrows that extend from each of these observed variables to delirium status show the direction of the hypothesized association. We report the standardized regression weights (path coefficients) next to each arrow. The significance of path coefficients is tested by using t tests that assess whether the coefficient is significantly different than zero. A value of zero for a coefficient would indicate no association.
Shown also in figure 1 is our second hypothesis that preoperative narcotic, surgical risk resting pain, and CNS drug use affect opioid use. Finally, figure 1 also shows the hypothesized associations between the current opioid use and delirium status on subsequent opioid use. To evaluate whether the hypothesized model shown in figure 1 was a good fit, we computed unadjusted and adjusted goodness-of-fit index, which should be above 0.90, a chi-square test, which should not be significant because it would suggest the data do not fit the model, and the root mean square residual, which should be close to zero and is typically near 0.10 for a good-fitting model. All structural equation modeling computations were performed by using Proc CALIS in SAS (SAS Institute, Inc., Cary, NC).
All statistical analysis was performed with SAS, version 9.1, except for the intraclass correlation coefficients, which were computed by using SPSS version 16.0 (Chicago, IL). In all tests, P Ͻ 0.05 (two-tailed) was considered statistically significant. All data were presented as mean Ϯ SEM unless stated otherwise.
Results
Three hundred and thirty five patients were included in the study. The mean age (ϮSD) of patients was 73.5 Ϯ 6.2 yr (range, 65-96 yr). Preoperative patient characteristics and surgical and medical data are shown in table 1. The majority of patients underwent orthopaedic surgery. Preoperatively, 36% of patients received an opioid analgesic for pain. The majority of patients were intermediate surgical risk candidates with two or more medical comorbidities.
Of the 335 patients studied, 108 patients (32.2%) developed delirium on postoperative day one, and 120 (35.8%) developed delirium on postoperative day two; 185 patients (55%) developed delirium on either day one or day two after surgery. Patients who developed postoperative delirium on either of the postoperative days tended to be older, were more likely to be female, and had more self-reported symptoms of depression as indicated on the geriatric depression score (table 1). One patient had missing data for delirium on postoperative day one due to mechanical ventilation and 13 patients had missing data for delirium on postoperative day two. The reasons for missing data for postoperative day two included early discharge or unavailable during interviews (n ϭ 6), refusal to answer questions (n ϭ 3), and too sleepy to respond (n ϭ 4). More importantly, the characteristics (demographic and surgical data) of patients with missing data on delirium were not different from those with delirium data. Similarly, the amount of missing data for VAS in our study was low (Ͻ 3% overall for both postoperative days), and the differences in missing data between those with and without delirium were not significantly different for the different postoperative days.
The preoperative VAS scores were not significantly different between patients who subsequently developed postoperative delirium versus those without delirium ( fig. 2) . In contrast, patients who were delirious postoperatively experienced significantly higher VAS scores than nondelirious patients (for postoperative day one, mean postoperative VAS at rest 4.2 Ϯ 0.23 vs. 3.3 Ϯ 0.22, P ϭ 0.0051; for postoperative day two, mean postoperative VAS at rest 3.3 Ϯ 0.23 vs.. 2.5 Ϯ 0.19, P ϭ 0.004).
The intraclass correlations for postoperative resting pain scores on day one and day two were significantly different than zero in patients with and without postoperative delirium (table 2). The 95% confidence intervals The intraclass correlations between postoperative day one and day two resting pain scores were significantly different than zero in patients with and without postoperative delirium. The 95% confidence intervals suggest that subjects with delirium were no less consistent than subjects without delirium in reporting pain. Delirious refers to patients with delirium on either postoperative day 1 or 2. Surgical risk was estimated using the guidelines from the American College of Cardiology and American Heart Association update for the perioperative cardiovascular evaluation for noncardiac surgery, which takes into consideration the type and duration of surgery, and intraoperative blood loss (see text for citation).
ADL ϭ activities of daily living; ASA ϭ American Society of Anesthesiologists; IADL ϭ independent activities of daily living; TICS ϭ telephone interview of cognitive status, a cognitive assessment tool modified from the Mini Mental Status Examination, which can be used in person or over the telephone. for the intraclass correlation coefficients suggest that patients who were delirious were equally consistent in their reports of resting pain evaluation as those who were not delirious. The difference in the magnitude of intraclass correlations could not be explained by differences in the ranges and variances of scores. On postoperative day one, 18.6% of patients with delirium and 15.7% of patients without delirium reported resting VAS pain scores of zero (P ϭ 0.52) and on postoperative day two, 26.5% of patients with delirium and 23.1% of patients without delirium reported resting VAS pain scores of zero (P ϭ 0.51). The variances in resting pain scores on day one and day two for patients who were and were not delirious on day one also did not differ significantly (P ϭ 0.82 and 0.99, respectively). The presence of postoperative delirium did not limit the use of PCA opioids as shown in tables 3 and 4. After adjusting for the VAS scores, preoperative narcotic use, surgical risk, and use of medications with CNS effects on the day of the opioid dose measurement, patients with and without delirium on postoperative day one used similar amount of hydromorphone on postoperative day one and the subsequent day (table 3) . For patients with delirium on postoperative day two, they used substantially more PCA hydromorphone than those who were nondelirious on day two (adjusted mean dose 2.24 mg Ϯ 0.71 vs. 1.25 mg Ϯ 0.67, P ϭ 0.02) (table 4). Figure 1 shows that our choice of indicator variables for measuring the latent variable, delirium status, was reasonable. Three indicator variables (acute onset, inattention, and altered level of conscious) loaded highly on the latent variable that we called delirium status. The overall model fit was assessed by using statistics such as the adjusted goodness-of-fit index (0.98), chi-square ( 2 ϭ 23.41; dF ϭ 25; P ϭ 0.55), root mean square residual (0.14), root mean square error of approximation (P Ͻ 0.0001)), all of which indicated an adequate fit to the proposed model. The standardized path coefficients are displayed above their respective arrows in figure 1 . Rest pain on postoperative day one significantly affects both postoperative opioid use (P Յ 0.001) and delirium status (P Յ 0.01) on day one. Postoperative opioid use on day one significantly affects delirium on day one (P Յ 0.05) and subsequent opioid use on day two (P Յ 0.001). However, delirium status on day one does not affect opioid use on day two.
Discussion
We evaluated the association between delirium, pain, and pain management to provide insight into whether treatment for postoperative pain should include the patient's delirium status. There are several novel findings from the current study. First, we showed that postoperative delirium did not limit patient's use of on-demand PCA. Second, despite the use of PCA opioids, patients with postoperative delirium still experienced higher VAS scores than those who were not delirious.
An important question is whether patients with delirium can actually communicate their pain experience, and if so, whether the VAS scores in these patients are reproducible. Although our test-retest reliability assessment suggested that patients with delirium were consistent in reporting their pain experience, we do not have an independent method to verify the validity of VAS scores. Specifically, we cannot determine whether their self reported higher pain state actually reflects a ceiling effect of the PCA not completely mitigating their acute postoperative pain; there is no other existing standard to determine that the VAS is actually valid in patients with delirium. As a result, the quantitative validity of the VAS in delirious patients is uncertain and needs further investigation.
Comparison with Previous Studies
In healthy volunteers without preexisting cognitive impairment, substantial cognitive impairment was associated with parenterally administered opioids, and the impairment was dose-related. 14 -17 The association between delirium and opioid use has also been studied in patients with cancer and adults with acute pain. Although an association is shown between opioids and delirium in these two groups of patients, whether the The results are shown in dose of hydromorphone (mg) Ϯ SEM. Current pain refers to resting pain measured on the same day of the opioid dose, e.g., resting pain on day 1 for hydromorphone dose on day 1. The strengths of the relationship between the covariates and the dependent variable (hydromorphone doses) are shown in figure 1. relationship is causal cannot be demonstrated because these patients typically have other comorbid conditions such as organ failure, dementia, or hypoxia. 18 In contrast to the several prospective studies of hospitalized patients that showed that opioid use was associated with delirium, 19 -22 our study was the first to use consecutive daily assessments of resting pain, delirium, and opioid dose to show that patients who were delirious used either the same amount or more opioids, even after adjusting for VAS scores and other covariates associated with postoperative delirium. Which condition precipitates delirium? Is it undertreated pain or opioids? Several studies in both medical and surgical patients have investigated the importance of pain management on delirium.
In a prospective observational study by Lynch et al., 23 higher pain scores at rest were associated with an increased risk of delirium over the first three postoperative days in patients undergoing noncardiac surgery. In a study of patients who suffered hip fracture, Morrison et al. showed that avoiding opioids or using very low doses of opioids increased the risk of in-hospital delirium 24 In addition to our previous work, 10, 25 which showed that both pain and opioids are contributing factors to the occurrence of postoperative delirium, the current findings show that pain is associated with postoperative delirium not because of patients' inability to use the on-demand PCA device; rather, these patients were using the device just as frequently as their nondelirious counterparts as reflected by the amount of hydromorphone used. Our results suggest that there is room for improvement of pain management in older patients who are at risk of developing postoperative delirium, given the higher reported VAS scores in delirious patients despite similar or even higher amount of opioids used in the postoperative period. Our present results, however, are unable to determine the "chicken or the egg" causality dilemma with respect to the relationship between pain and postoperative delirium. One way to determine if pain and/or opioids are causative factors for postoperative delirium is through an interventional trial to reduce acute postoperative pain by either nonnarcotic adjuvant or by regional analgesia.
Prevention and treatment of geriatric syndromes such as postoperative delirium should focus on intervening on common sets of high-impact risk factors, such as the management of pain. The illustrative model depicted in figure 1 shows the hypothesized association between postoperative opioid use, pain, and delirium. Previously published studies suggest that pain relief may be associated with an improvement in cognitive performance, as shown in patients with neuropathic pain. 26 Whether this result can be extended to older patients with acute postoperative pain needs to be determined by future studies because the pathophysiology of chronic pain is different from acute pain. Although the current study did not specifically address the other factors previously shown to be associated with postoperative delirium, we need to be mindful that in addition to pain and opioids, the occurrence of postoperative delirium is likely a multifactorial phenomenon, and it is not clear whether the effects of various precipitating factors are additive or multiplicative.
Clinical Implications
In current clinical practice, opioids are considered the standard of treatment for acute postoperative pain, despite the important side effects known to occur with opioids such as respiratory depression, mental status changes including delirium, constipation, etc. Complete avoidance of opioids in the postoperative period is generally not feasible because nonopioid analgesics are typically not potent enough to alleviate acute surgical pain. Therefore, one possible clinical implication is that adjuvant techniques that are opioid-sparing may be good candidates to be used in patients at risk of postoperative delirium. These techniques may include adjuvant nonopioid analgesics 27 or regional techniques such as peripheral nerve blocks or epidural analgesia. Future studies investigating the role of these opioid-sparing techniques to decrease postoperative delirium are indicated. In fact, a proactive evidence-based comprehensive geriatric assessment program recognizes that postoperative pain control is an important area to target for intervention for outcomes improvement. 28 
Potential Limitations
We focused on measuring delirium in the early postoperative period, as subjects in this investigation were included in a larger studying examining perioperative management and delirium. As a result, incidents of lateronset delirium may have been missed. Although we have described an association between postoperative opioids use, VAS scores and postoperative delirium, we cannot determine the mechanism of how these factors interact to precipitate postoperative delirium. Future investigations are needed to determine the precise relationship.
We used pain measurement at the same time of delirium assessment to represent the pain status for each specific postoperative day. The measurement of pain at one point in time may not accurately represent the dynamic nature of pain over a 24-h period; therefore, our methodology of adjusting opioid usage by VAS scores may be an oversimplification of this complex relationship between opioid usage, delirium, and pain.
In addition, the use of a subjective instrument in measuring pain such as the VAS may pose substantial limitations in subjects with perceptual disturbance such as postoperative delirium because the validity of the assessment is uncertain. Future investigations to evaluate the validity of VAS in patients with postoperative delirium are clearly indicated.
Summary
Postoperative delirium did not appear to limit the patient's use of on-demand PCA. Despite the use of more intravenous opioids, postoperative VAS scores were significantly higher in patients with postoperative delirium compared to those who were nondelirious. These results suggest that additional studies are needed to determine the optimal way to measure and manage pain in patients with postoperative delirium.
